, pesticides (Nicolau, 1982) and antibiotics (Beauchamp and Labrecque, 2007) .
We have already reported that cadmium (Cd)-induced lethal toxicity was apparently varied by injection timing in a day (Miura et al., 2012) . Cd has serious and disadvantageous bioactivities such as endocrine disruption (Iavicoli et al., 2009) , immuno toxicity (Shippee et al., 1983) , and carcinogenicity (Joseph, 2009) . Cd also attacks to testes and makes this organ a target for its toxicity as well as liver and kidney (Probst et al., 1977; Maitani and Suzuki, 1986; Selypes et al., 1992) , further, disrupts the blood-testis barrier (Henson and Chedrese, 2004; Siu et al., 2009) . In this report, we tried to investigate the effect of injection timing on testicular toxicity induced by Cd injection.
MATERIALS AND METHODS

Chemicals and instrument
Cadmium chloride was purchased from Wako Pure Chemical (Osaka, Japan). Bovine serum albumin Fraction V (BSA) was purchased from Seikagaku Kogyo (Tokyo, Japan). Medium 199 was purchased from Invitrogen (Grand Island, NY, USA). Sterile saline was purchased from Ohtsuka Pharmaceutical (Tokyo, Japan). Semen analyzer (HTM-IVOS Ver. 12.1M) was the product of Hamilton Thorne Research (Beverly, MA, USA).
Experimental procedures
Male C57 BL/6J mice (5 weeks of age) were purchased from Nihon Clea (Clea Japan, Inc., Tokyo, Japan), and were kept in cages under standard conditions with controlled temperature (24 ± 1°C), humidity (55 ± 5%) and light (12:12 hr light/dark cycles, lights on at 08:00 hr). The lights were white fluorescent lamp, about 100-150 lux intensity at the level of cages. All animals had free access to sterilized commercial pellet diet (CE-2, Clea Japan, Inc., Tokyo, Japan), and sterilized filtered tap water. Mice were adapted for 14 days before experiments. The body weights were measured just before each injection and sacrifice.
To examine the influence of injection timing on severity of testicular toxicity, we performed experiments by two different injection routes. First, for an experiment of intraperitoneal (i.p.) injection, mice (7 weeks of age, n = 4) were received single i.p. injection of CdCl 2 (4.5 mg/kg) dissolved in saline at zeitgeber time 6 (ZT6) or ZT18. ZT means elapsed time from the lighting on. Control mice (n = 2) were received same volume (0.1 ml/10 g body weight) of saline at ZT6 or ZT18. Seven days after the injection, mice were sacrificed under ether anesthesia. Then, testes, epididymides and cauda epididymidis were separated and weighed followed by calculation of relative organ weights to body weights. The right cauda epididymidis was immediately analyzed for sperm motility (see "Sperm motility" in this section), and other reproductive organs were stocked in saline at 4°C until counting of the sperm head numbers (described in "Sperm head numbers"). Second, for an experiment of subcutaneous (s.c.) injection, mice (7 weeks of age, n = 6-8) were treated with single injection of CdCl 2 (4 mg/kg or 6 mg/kg) at ZT6 or ZT18. Control mice (n = 4) were prepared in both injection timing. Mice were sacrificed ten days after the injection. Testicular organs were collected and analyzed as described above. In our separate experiments, C57BL/6J mice showed clear hepatotoxicity in dose of more than 4.2 mg/kg of CdCl 2 treatment (estimated at 24 hr after the injection; data not shown).
These animal experiments were conducted under the guidelines for the care and use of laboratory animals set forth by our Institutional Animal Care and Use Committee of the National Institute of Occupational Safety and Health, Japan (JNIOSH).
Sperm motility
Immediately after removal and weighting, the right cauda epididymis was minced with scissors to release sperms in 2 ml of Medium199 containing 0.5% BSA at 37ºC. Sperm suspension was loaded into a capillary microslide (#HTR1099: 100μm deep; VitroCom Inc., Mountain Lakes, NJ, USA) followed by analyzing the sperm motility with the system of computer-assisted sperm analysis (CASA) using HTM-IVOS (Hamilton Thorne Inc., Beverly, MA, USA) (Kato et al., 2001) . Two sperm motion parameters, motile percent (MP) and progressive percent (PP), were evaluated in each sample.
Sperm head numbers
The left cauda epididymis and the left testis were homogenized in saline. Sperm heads of each sample were stained with Hoechst-based dye (IDENT STAIN; Hamilton Thorne Inc.), dropped into a disposable counting chamber (CELL-VU; Millennium Sciences Corp., New York, NY, USA) and mounted on HTM-IVOS. Fluorescence of sperm heads under ultra-violet beam was monitored and counted in RAT-IDENT mode automatically. Data were expressed as total number of sperm heads per tissue sample (Ohtani et al., 2004) .
Statistical analysis
Data were analyzed by one-way ANOVA. Statistical significance of difference between control and Cd-treatVol. 38 No. 1 ed groups was determined with Fisher's PLSD test. In all cases, p < 0.05 was considered statistically significant. For "i.p." injection group, the control mice injected at ZT6 and ZT18 (n = 2, respectively) were combined and expressed as one data (total n = 4).
RESULTS
We reported earlier that the Cd-induced lethal toxicity was different by injection timing; higher during daytime while lower during nighttime (Miura et al., 2012) . In order to investigate whether this difference is observed also in testicular toxicity, we treated CdCl 2 to mice at two different injection timing, ZT6 (daytime) or ZT18 (nighttime), which showed highest or lowest mortality in our previous study, respectively (Miura et al., 2012) . First, mice were received single i.p. injection of CdCl 2 (4.5 mg/kg) at ZT6 or ZT8, and were sacrificed seven days after the injection. Body weights and testicular organ weights (testes, epididymides, and cauda epididymis) showed no significant differences among control group, ZT6-injection group, or ZT18-injection group (Table 1) . However, very interestingly, sperm head numbers of both cauda epididymidis and testis were significantly reduced at ZT6 injection while no reduction at ZT18 injection compared to the control (Fig. 1) . Mammalian sperms mature while passing through the cauda epididymis (Seligman et al., 1992) meanwhile sperms in testes are almost immature. Therefore, ZT6 injection reduced sperms in both of states at this injection dose. For sperm motility, ZT6 injection also significantly reduced two sperm motion parameters, motile percent (MP) and progressive percent (PP), which represented the sperm quality (Fig. 2) . No such effects were observed at ZT18 injection same as the result of a sperm head numbers in Fig. 1 . These results indicate that Cd injection at ZT6 introduces adverse effect on both quantity and quality of sperm. at ZT6 or ZT18. Organ samples were collected seven days after the injection. The left cauda epididymis and the left testis were homogenized in saline followed by counting the sperm head numbers by HTM-IVOS. Control mice (n = 2) received saline at ZT6 or ZT8 were combined and expressed as one data (total n = 4). *Significantly different (p < 0.05) from control.
By intraperitoneal injection, however, it is possible that Cd attacks directly to reproductive organs like testes and cauda epididymidis. Therefore, we performed examination by another injection route, subcutaneous injection, and set up longer period to dissection since Cd was thought to act through a blood flow. Mice were received single s.c. injection of CdCl 2 (4 mg/kg or 6 mg/kg) at ZT6 or ZT18 followed by sacrificing at ten days after the injection. The body weights and reproductive-related organ weights were not significantly different among control and treatment groups, same as the result of i.p. injection experiment (Table 2 ). The sperm head numbers in 4 mg/kg of CdCl 2 treatment group, however, were significantly reduced by ZT6 injection but not by ZT18 injection (Fig. 3) . In 6 mg/kg treatment group, the numbers of sperm heads were reduced at both injection timing compared to control group. For sperm motility, ZT6 injection significantly reduced the two sperm motion parameters in 6 mg/kg treatment group, although no change was observed in 4 mg/kg treatment group at both injection timings (Fig. 4) . Our current data clearly indicated that the difference of susceptibility to Cd by injection timing was observed also in testicular toxicity same as the result of Cd-induced mortality which we reported earlier.
DISCUSSION
In this study, the difference of injection timing (ZT6 or ZT18) clearly altered the severity of Cd-induced testicular toxicity evaluated by reduction of both sperm head numbers and sperm motility as indexes; ZT6 injection was more toxic compared to ZT18 injection. This diur- Fig. 2 . Effect of injection timing on sperm motility by i.p. injection. Organ samples were collected from same mice as described in Fig. 1 . Immediately after removal of organ samples from mouse, the right cauda epididymis was minced in 2 ml of Medium199 containing 0.5% BSA. The sperm motility was analyzed by HTM-IVOS. Two sperm motion parameters, motile percent (MP) and progressive percent (PP), were examined. *Significantly different (p < 0.05) from control. nal variation was not contradictory to the result of the Cdinduced mortality which we showed earlier (Miura et al., 2012) , indicating the Cd-induced daily fluctuation was observed not only in mortality but also in testicular toxicity. In our recent examination, several metal compounds other than Cd also produced the diurnal variation of mortality (manuscript in preparation). Therefore, this phenomenon is thought to be common to some extent among metals, although the examination about testicular toxicity will be required.
Investigations of levels of Cd in testicular organs and levels of biological defense factors are needed. If Cd accumulation levels in testes or cauda epididymis are different by injection timing, transporters like ZIP8, ZIP14 and DMT1 (Kim et al., 2007; Girijashanker et al., 2008) , which involve in Cd transport into these organs, may contribute to the diurnal variation. Induction level of metallothionein, a well known and important defense factor against Cd toxicity, should also be considered (Siu et al., 2009) . Further, we have to get information about differences of oxidative status and levels of anti-oxidative factors in the reproductive organs after Cd injection at daytime or nighttime, because Cd is known to induce oxidative stress in testes (Ardais et al., 2008; Ji et al., 2012) . Examinations from these points including pathological analyses are in progress.
The sperm progressive parameter used in this study (as PP) is thought to be important because this index relate closely to fertility (Ban et al., 2001; Kato et al., 2001) . Therefore, the difference in exposure timing of Cd may cause not only testicular toxicity but reproductive impairment. It is necessary to clarify whether the injection tim- ing influences reproductive at low dose of Cd, since Cd acts as endocrine disruptor by low-dose repeated administration (Henson and Chedrese, 2004; Siu et al., 2009) .
Although it is difficult to extrapolate our animal data to human beings at present, we believe this viewpoint, the susceptibility difference by injection timing, should be introduced into toxicology as "chronotoxicology" becoming indispensable in the future toxicology.
